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Abstract

Objective: This study aimed to examine the effects of a remote video-based cervical
stabilization exercise program on cervical proprioception, functional status, and
disease-related quality of life in patients with rheumatoid arthritis (RA).
Design: Patients with RA were evaluated regarding cervical joint positioning error,
cervical region functional status (Neck Disability Index), general functional status
(Health Assessment Questionnaire), and disease-related quality of life (Rheumatoid
Arthritis Quality of Life Scale). Patients were randomized to exercise (n= 14, 10 female)
and control (n= 12, 9 female) groups. Patients in the exercise group performed a video-
based home exercise program consisting of progressive cervical stabilization exercises
three times a week for six weeks in addition to their routine medication. The patients in
the control group continued their routine medication only. Evaluations were repeated
in both groups in the seventh week following the baseline evaluation.
Results: Groups were similar at baseline (p> 0.05). Patients in both groups had low
disease activity (DAS-28 CRP≤ 3.2). The remote video-based exercise program led to
significant improvements in cervical proprioception, functional status, and disease-
related quality of life (p< 0.05). No significant changes were detected in any parameters
in the control group (p> 0.05). Obtained changes were superior in the exercise group
compared to the control group (d> 1.00, p< 0.05).
Conclusion: Cervical stabilization exercises may increase cervical proprioception,
improve functional status, and enhance disease-related quality of life in patients with
RA when administered as a remote program.
Trial number: https://clinicaltrials.gov/study/NCT04948775, NCT04948775.
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Introduction

Rheumatoid arthritis (RA) is a chronic dis-
ease characterized primarily by symmet-
rical and multi-involvement of synovial
joints [1]. The involvement of cervical

joints in patients with RA was initially de-
scribed by Garrod in 1890, and RA is re-
garded as the type of inflammatory arthri-
tis that affects the cervical spine most sig-
nificantly [2]. Inflammation of atlantoaxial
joint junction, facet joints, uncovertebral
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joints, retro-dental bursa, interspinous lig-
aments, and ligaments around the cer-
vical joints may result in pannus forma-
tion, odontoiderosion, and ligament laxity,
which may eventually lead to joint dam-
age and cervical instability in RA [3–5].
Cervical proprioceptive sense may be im-
paired in patients with RA due to these
changes [6].

Proprioceptivesenseisdefinedasatype
of specialized sensory model that includes
the sense of joint movement (kinesthesia),
the sense of joint position, and the mag-
nitude of the force of movement [7]. The
proprioceptive system is controlledbycon-
nections between mechanoreceptors lo-
cated in joints, ligaments, tendons and/or
skin, muscle spindles localized in muscles,
nerve fibers carrying proprioceptive sense,
and cells in the dorsal horn of the spinal
cord [7, 8]. Muscle spindles located in the
cervical deep muscles contribute to cervi-
cal proprioception sensemost significantly
[9]. Accordingly, the beneficial effects of
cervical stabilization exercises and cervical
proprioceptive exercises on cervical pro-
prioception, as well as of taping and spinal
mobilization targeting the deep neck flex-
ors, have been reported for various neck
problems [10–13]. However, the effective-
ness of therapeutic approaches for cervical
proprioception inpatientswithRA remains
unexplored.

Therefore, the present pilot study pri-
marily aimed to determine the effects of
cervical stabilization exercises on cervical
proprioception in patients with RA. The
secondary aim was to evaluate the effects
of cervical stabilization exercises on func-
tional status and disease-related quality of
life in these patients.

Methods

This was a prospective randomized con-
trolled pilot study. The data collection was
carried out between November 2020 and
April 2021 at Izmir Katip Celebi University
Hospital. Ethical permission was obtained
from the ethics committee of Izmir Katip
Celebi University on 19.11.2020 with de-
cision number 1078. The study was regis-
tered at ClinicalTrials.gov with ID number:
NCT04948775.

Participants

Adult patients (>18 years old) who were
classified as RA according to ACR/EULAR
2010 classification criteria were invited to
join the study [14]. Patients were in-
cluded if they agreed to participate in
the study and were literate in the Turk-
ish language. Patients with (a) a history of
trauma/surgery involvingtheneckarea, (b)
a vestibular system problem, (c) ongoing
regular physiotherapy, and (d) discomfort
during cervical stabilization exercises were
excluded. Signed informed consent was
obtained from all participants who agreed
to participate in the study.

The sample size was calculated in an
a priori sample size calculation in the
G*Power 3.1.9.2 software (Heinrich Heine
University Düsseldorf, Düsseldorf, Ger-
many) by using the smallest effect size
(d= 0.846) from the study by Lee et al.,
5% type I error, and 20% type II error [15].
The total sample size was calculated to
be 46 patients with RA (exercise group=
23, control group= 23). However, due to
the COVID-19 pandemic, recruitment did
not reach to the calculated sample size
and the study was completed as a pilot
study. The flow diagram of the study is
provided in . Fig. 1.

Randomization

Patients were randomly divided into two
groups (exercise and control) using sealed
opaque envelopes.

Interventions

Patients were assessed at baseline and the
seventh week. Patients who did not at-
tend to the follow-up assessment within
a week were excluded from the study.
Bothgroupsmaintainedtheir routinemed-
ication. The exercise group underwent
a 6-week (3 times/week) remotely per-
formed cervical stabilization exercise pro-
gram. The control group did not receive
additional interventions.

In the exercise group, progressive cer-
vical stabilization exercises targeting the
deep neck flexor muscles were delivered
to the patients as video messages via their
mobilephonesviaa freemessagingservice
(WhatsApp Messenger; Meta, CA, USA) on

a weekly basis. The details of the exer-
cise program, which was utilized in axial
spondylarthritis (axSpA), have been pub-
lished previously [16]. The exercise pro-
gram lasted 15–20 mins in the first week
and progressed to 40–45min in the last
week. Adherence to the exercise program
was monitored weekly via the same mes-
saging service.

Outcome measures

Physical (sex, age, body mass index),
sociodemographic (marital status, edu-
cational status, employment status), and
disease-related (disease duration, disease
activity based on DAS-28 CRP, medica-
tions) characteristics of the patients were
recorded by using a structured form.
Cervical proprioception, functional status,
and disease-related quality of life were
evaluated using standardized methods
and validated questionnaires.

Primary outcomemeasures

Cervical proprioception
The cervical joint positioningerrormethod
(flexion, extension, right rotation, left ro-
tation, right lateral flexion, and left lateral
flexion) was used to evaluate cervical pro-
prioception. Details of the method have
been described in a previous study [16].
Higher values indicate poorer cervical pro-
prioception.

Secondary outcomemeasures

Cervical region functional status
The functional status of the cervical re-
gion was evaluated using the Turkish ver-
sion of the Neck Disability Index (NDI)
[17]. The NDI comprises 10 questions,
each was scored between zero and five.
Higher scores indicate greater functional
impairment.

General functional status
Turkish version of the Health Assessment
Questionnaire (HAQ) was used to deter-
mine general functional status [18]. The
HAQ consists of 20 questions and has eight
subheadings including dressing, sitting,
eating, walking, hygiene, reaching, grasp-
ing, and daily living activities. Each ques-
tion is graded between 0 and 3 points (0=
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no difficulty, 1= some difficulty, 2=much
difficulty, and 3= unable to do). The total
score is obtained by summing all indi-
vidual subheading scores and dividing by
8. Higher scores reflect poorer functional
status.

Disease-related quality of life
The Turkish version of the Rheumatoid
Arthritis Quality of Life Scale (RAQoL) was
used to evaluate disease-related quality of
life [19]. RAQoL includes30 itemsthateval-
uate disease-related symptoms, fatigue,
mood, sleep quality, and functional lim-
itations due to severe joint involvement,
and the answer to each item is scored as
0= no and 1= yes. The total score ranges

from 0 to 30, with higher scores indicating
lower quality of life.

Statistical analysis

The Statistical Package for Social Sciences
for Windows (SPSS version 20.0; IBM
Corp., Armonk, NY, USA) program was
used for statistical analysis. Shapiro–Wilk
test, histograms, detrended Q-Q graphs,
and kurtosis and skewness values were
examined to determine the distribution
of continuous data. Data did not ex-
hibit a normal distribution. Categorical
variables were expressed as numbers (n)
and percentages (%). Continuous data
were expressed as median and 25th/75th

interquartile range (IQR 25th/75th). Fisher’s

exact test or Pearson chi-square test was
used to compare categorical variables be-
tween groups. Mann–Whitney U test was
used to compare independent groups,
and the Wilcoxon signed-rank test was
used to compare dependent groups. The
effect size was calculated by converting
the Mann–Whitney U values into Cohen’s
d values as suggested by Fritz et al. Effect
sizes were interpreted as follows: small:
0.2≤ d< 0.5, medium: 0.5≤ d< 0.8, and
large: 0.8≤ d [20]. A p-value< 0.05 was
considered statistically significant for all
analyses.
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Table 1 Baseline assessment

Exercise group (n= 14) Control group (n= 12)

n (%) or median (IQR 25th/75th) n (%) or median (IQR 25th/75th)

p-value

Physical characteristics

Female 10 (71) 9 (75)Sex

Male 4 (29) 3 (25)

>0.999a

Age (years) 61.0 (60.0/63.8) 55.5 (52.3/61.0) 0.071b

Body mass index (kg/m2) 28.7 (25.3/30.0) 28.1 (23.2/29.3) 0.488b

Sociodemographic characteristics
Married 13 (93) 10 (83)Marital status

Single 1 (7) 2 (17)

0.580a

Literate 0 (0) 1 (8)

Elementary 10 (71) 6 (50)

Secondary 1 (7) 4 (33)

High 2 (14) 0 (0)

Educational status

University 1 (7) 1 (8)

0.224c

Working 2 (14) 5 (42)Employment status

Not Working 12 (86) 7 (58)

0.190a

Disease-related characteristics

Disease duration (years) 9.5 (5.5/15.0) 7.0 (5.0/14.3) 0.699b

DAS-28 CRP (score 0–10) 3.1 (2.1/4.0) 3.2 (2.1/3.8) 0.810b

Cervical proprioception error

Flexion (°) 6.5 (4.5/10.6) 9.1 (4.6/13.7) 0.354b

Extension (°) 9.1 (5.7/14.0) 10.2 (5.5/17.3) 0.777b

Right lateral flexion (°) 8.4 (4.7/14.2) 8.7 (5.7/12.0) 0.918b

Left lateral flexion (°) 8.9 (5.5/14.0) 8.3 (5.4/12.8) 0.817b

Right rotation (°) 8.8 (6.0/11.6) 8.4 (4.5/13.8) 0.857b

Left rotation (°) 7.8 (5.5/11.5) 5.8 (4.7/11.5) 0.554b

Functional status

NDI (score 0–50) 10.0 (7.0/15.3) 4.0 (2.0/17.8) 0.141b

HAQ (score 0–3) 0.5 (0.2/1.3) 0.6 (0.1/1.1) 0.680b

Disease-related quality of life

RAQoL (score 0–30) 19.0 (12.3/22.3) 15.5 (3.3/25.0) 0.837b

DAS-28 CRP Disease Activity Score 28C-reactive protein, HAQ Health Assessment Questionnaire, IQR 25th/75th interquartile range 25th/75th, NDI Neck
Disability Index, n number, RAQoL Rheumatoid Arthritis Quality of Life Scale
aFisher’s exact test
bMann–Whitney U test
cPearson chi-square test

Results

The study was completed with 26 pa-
tientswithRA (exercisegroup= 14, control
group= 12). Therewere no differences be-
tween groups at baseline (. Table 1, p>
0.05). Twelve patients (exercise 6, con-
trol 6) were using corticosteroids+ con-
ventional disease-modifying anti-inflam-
matory drugs (DMARDs), and 12 patients
(exercise 6, control 6) were using conven-
tional DMARDs only. In the exercise group,
one patient was using biologic DMARDs
(rituximab), and one patient was under

no medication. No statistical difference
was found between the groups regarding
medication (p> 0.999). All patients in the
exercise group reported 100% adherence
to their exercise program.

While statistically significant improve-
ments were detected in all parameters in
the exercise group (p< 0.05,. Table 2), no
significant changes were detected in any
of the parameters in the control group (p>
0.05, . Table 2).

Delta values (follow-up–baseline) com-
pared between the groups revealed that
the exercise group was superior to the

control group in all parameters, with high
effect sizes (. Table 3, p< 0.05d> 1.00).

Discussion

This pilot study was conducted to inves-
tigate the effects of a video-based cervi-
cal stabilization home exercise program
in patients with RA. Performing this pro-
gram targeting the deep neck flexors three
times a week for six weeks improved cervi-
cal proprioception, functional status, and
disease-related quality of life. Further-
more, patients who underwent this pro-
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Table 2 Changes in the groups
Exercise group (n= 14) Control group (n= 12)

Before: median
(IQR 25th/75th)

After: median
(IQR 25th/75th)

p-valuea Before: median
(IQR 25th/75th)

After: median
(IQR 25th/75th)

p-valuea

Cervical proprioception error
Flexion (°) 6.5 (4.5/10.6) 2.6 (1.8/4.5) 0.002* 9.1 (4.6/13.7) 13.4 (8.3/18.8) 0.195

Extension (°) 9.1 (5.7/14.0) 4.3 (2.7/6.2) 0.001* 10.2 (5.5/17.3) 15.0 (6.7/21.6) 0.158

Right lateral flexion (°) 8.4 (4.7/14.2) 3.6 (2.4/5.5) 0.001* 8.7 (5.7/12.0) 12.7 (5.8/15.4) 0.158

Left lateral flexion (°) 8.9 (5.5/14.0) 4.0 (3.2/5.8) 0.004* 8.3 (5.4/12.8) 10.5 (5.7/15.2) 0.289

Right rotation (°) 8.8 (6.0/11.6) 4.7 (3.5/6.1) 0.002* 8.4 (4.5/13.8) 11.9 (7.2/21.7) 0.084

Left rotation (°) 7.8 (5.5/11.5) 4.9 (2.7/6.1) 0.012* 5.8 (4.7/11.5) 10.0 (5.5/21.7) 0.158

Functional status
NDI (score 0–50) 10.0 (7.0/15.3) 2.5 (1.8/5.8) 0.001* 4.0 (2.0/17.8) 8.0 (4.2/21.8) 0.112

HAQ (score 0–3) 0.5 (0.2/1.3) 0.1 (0.1/0.4) 0.001* 0.6 (0.1/1.1) 0.6 (0.2/1.4) 0.235

Disease-related quality of life

RAQoL (score 0–30) 19.0 (12.3/22.3) 7.5 (3.0/12.0) 0.001* 15.5 (3.3/25.0) 15.5 (6.3/26.5) 0.170

HAQ Health Assessment Questionnaire, IQR 25th/75th interquartile range 25th/75th, NDI Neck Disability Index, RAQoL Rheumatoid Arthritis Quality of Life
Scale
*statistically significant; p< 0.05
aWilcoxon signed-rank test

Table 3 Comparison of delta values between groups
Exercise group (n= 14) Control group (n= 12)

Median (IQR 25th/75th) Median (IQR 25th/75th)

p-valuea d

Cervical proprioception error
Δ Flexion (°) –3.4 (–8.2/–1.1) 3.6 (–2.0/7.6) 0.005* 1.30

Δ Extension (°) –4.3 (–8.9/–2.8) 4.4 (–0.8/8.1) 0.001* 1.67

Δ Right lateral flexion (°) –3.2 (–10.9/–1.6) 3.7 (–1.3/6.6) 0.002* 1.48

Δ Left lateral flexion (°) –3.5 (–11.4/–0.7) 1.2 (–1.3/5.0) 0.002* 1.48

Δ Right rotation (°) –3.5 (–7.8/–1.5) 4.1 (–3.5/13.2) 0.009* 1.20

Δ Left rotation (°) –4.1 (–5.6/0) 0.8 (–2.1/14.0) 0.007* 1.25

Functional status

Δ NDI (score 0–50) –5.0 (–10.5/–4.0) 2.5 (–1.5/6.3) <0.001* 2.64

Δ HAQ (score 0–3) –0.3 (–0.6/–0.1) 0 (–0.2/0.4) 0.001* 1.60

Disease-related quality of life

Δ RAQoL (score 0–30) –6.5 (–12.5/–4.0) 1.0 (0.0/2.0) <0.001* 2.22

HAQ Health Assessment Questionnaire, IQR 25th/75th interquartile range 25th/75th, NDI Neck Disability Index, n number, RAQoL Rheumatoid Arthritis
Quality of Life Scale, Δ delta (follow-up—baseline), d effect size, o degree
*statistically significant p< 0.05
aMann–Whitney U test

gram in addition to their routine med-
ication experienced significantly greater
improvements in all evaluated variables
compared to patients who followed their
routine medication alone. To the best of
our knowledge, this study is the first to
investigate the effects of cervical stabiliza-
tion exercises in patients with RA.

Positive effects of this exercise pro-
gramoncervical proprioceptionhavebeen
shown previously in patients with axSpA
[16]. Otherauthorsemployedsimilar cervi-
cal stabilization exercise programs (in form

of flattening cervical lordosis) focusing on
deep neck flexors to the present study and
reported improvedcervical proprioception
error [12, 15]. Muscle spindles are primar-
ily responsible for joint position sense, and
both previous studies and results from the
present study suggest a positive effect
of cervical stabilization exercises target-
ing deep neck flexors (which are rich with
muscle spindles) on cervical propriocep-
tion error [8, 12, 15, 21]. AlthoughUlutatar
et al. could not detect a relationship be-
tween cervical positioning error and pain,

functional status, anddisease-relatedqual-
ity of life in patients with RA, the results
of the present study suggest that cervical
stabilization exercises may also be used to
improve these parameters [6].

The exercise program+ routine med-
ication used in the present study led to
superior results compared to routine med-
ication alone in patients with RA, which
was not observed in patients with axSpA
[16]. The difference between the two con-
ditions may be related to the pathophys-
iology of the cervical involvement. Cer-
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vical proprioceptive impairment in RA is
likely secondary to destruction of the in-
ner joint surfaces due to the pannus tissue
and cervical ligament laxity; on the other
hand, this deterioration occurs due to os-
teophyte formation and ankylosis of the
cervical vertebrae in axSpA.

The present study was conducted dur-
ing the COVID-19 pandemic. Thus, the ex-
ercise program was delivered to patients
weekly via video messages using a free
application (WhatsApp Messenger; Meta,
CA, USA) to reduce the risk of contact and
ensure continuity of the exercise program,
which could have been adversely affected
by curfews. Exercise adherence and ad-
verse effects were followed up weekly us-
ing the same messaging service. For the
participants who completed the study, the
adherence rate was determined at 100%.
However, these reported rates may not
reflect the reality, as they were based on
patient reports. Five patients (23%) who
did not perform their exercises regularly
due to varying reasonswereexcluded from
the study. Despite reporting various rea-
sons such as family issues (n= 2) and the
COVID-19 pandemic (n= 2), a lack of famil-
iaritywith the exercises and the absence of
face-to-face supervision likely contributed
to thesepatients’ non-compliancewith the
program. Indeed, one of the excluded pa-
tients decided to undergo a supervised
physiotherapy program. Exercise compli-
ance may be improved by performing this
exercise program under supervision in fu-
ture studies. Another participant in the
exercise group was unable to continue
the exercise program due to experiencing
numbness in the arm during the exercises.
Subsequent examination revealed cervical
disc herniation in this patient, who was
then referred to neurosurgery. In this con-
text, itmaybe important to screenpatients
for myelopathy before initiating a similar
exercise program.

The median age of patients in the exer-
cise groupwas higher than that of patients
in the control group. Although this differ-
ence was not statistically significant, one
maysuggest that jointpositionsensecould
potentially decrease with age. However,
previous studies reported that age has no
effect on joint position error [6, 22].

This study has several limitations. First,
the targeted sample size could not be

reached, and the drop-out rate was rel-
atively high. Cervical proprioception was
examined only in terms of position sense.
Other componentsofproprioception, such
as kinesthesia or the sense of movement,
could not be evaluated. Moreover, the ef-
fect of cervical stabilization exercises on
balance, which is closely related to propri-
oception, could not be determined. An-
other limitation is the lack of follow-up pe-
riods thatwouldallowus todeterminehow
long the achieved improvementsmight be
maintained.

Conclusion

In conclusion, positive effects of a 6-week
video-based home exercise program per-
formed three times a week were deter-
mined on cervical proprioception evalu-
ated by cervical joint positioning error
alongwith improvements in functional sta-
tus and disease-related quality of life in
patients with RA. While routine medica-
tion alone did not have a significant effect
on cervical joint positioning error, func-
tional status, and disease-related quality
of life during the investigated period, the
exercise program added to routine med-
ication resulted in significant changes in
all evaluated parameters. Optimization of
this exercise program in terms of exercise
characteristics (such as duration, weekly
frequency, repetition, etc.) should be in-
vestigated in future studies.
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Zusammenfassung

Auswirkungen eines häuslichen, videobasierten Trainings zur
Stabilisierung der Halswirbelsäule bei Patienten mit rheumatoider
Arthritis: eine randomisierte, kontrollierte Pilotstudie

Ziel: Ziel dieser Studie war es, die Auswirkungen eines ferngesteuerten videobasierten
Übungsprogramms zur Stabilisierung der Halswirbelsäule auf die zervikale
Propriozeption, den Funktionsstatus und die krankheitsbezogene Lebensqualität von
Patienten mit rheumatoider Arthritis (RA) zu untersuchen.
Studiendesign: Patienten mit RAwurden hinsichtlich der Fehlstellung des Halsgelenks,
des Funktionsstatus der Halswirbelsäule (Neck Disability Index), des allgemeinen
Funktionsstatus (Health Assessment Questionnaire) und der krankheitsbezogenen
Lebensqualität (Rheumatoid Arthritis Quality of Life Scale) zu Baseline untersucht.
Anschließend wurden sie randomisiert einer Interventions- (n= 14, 10 Frauen) und
einer Kontrollgruppe (n= 12, 9 Frauen) zugeteilt. Patienten der Interventionsgruppe
führten ein häusliches, videobasiertes Trainingsprogramm durch, das aus progressiven
Übungen zur Stabilisierung der Halswirbelsäule bestand. Dies erfolgte dreimal
wöchentlich über einen Zeitraum von sechs Wochen. Patienten beider Gruppen
erhielten in diesem Zeitraum ihre medikamentöse Routineversorgung. Die
Messungen zum Interventionsende erfolgten analog zur Eingangsuntersuchung vor
Interventionsbeginn.
Ergebnisse: Die Gruppen waren zu Studienbeginn vergleichbar (p> 0,05). Patienten
beider Gruppen hatten eine geringe Krankheitsaktivität (DAS-28 CRP≤ 3,2). Das
videobasierte Übungsprogramm führte zu signifikanten Verbesserungen der
zervikalen Propriozeption, des funktionellen Status und der krankheitsbezogenen
Lebensqualität (p< 0,05). In der Kontrollgruppe wurden hingegen keine signifikanten
Veränderungen hinsichtlich der untersuchten Parameter festgestellt (p> 0,05).
Die erzielten Veränderungen waren in der Interventionsgruppe besser als in der
Kontrollgruppe (d> 1,00, p< 0,05).
Schlussfolgerung: Ein videogestütztes Heimtrainingsprogramm zur Stabilisierung
der Halswirbelsäule kann bei Patienten mit RA die zervikale Propriozeption, den
Funktionsstatus sowie die krankheitsbezogene Lebensqualität verbessern.

Schlüsselwörter
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